Abstract| The distribution of the M -channel generalized coherence estimate is shown not to depend on the statistical behavior of the data on one channel provided that the other M ? 1 channels contain only white gaussian noise and all channels are independent. This con rms a recently published conjecture and extends the utility of the GC estimate as a detection statistic to include active as well as passive scenarios.
I. Introduction
The ability to determine whether a common signal is present on two or more noisy channels is desirable for a variety of applications, particularly in situations where an unknown signal source is to be detected and localized from measurements made at several sensors. In the case of two channels, a commonly used method is to compare the magnitude-squared coherence (MSC) estimate computed using sample sequences from the two channels to a threshold. Because the distribution of the MSC estimate is known under speci c H 0 assumptions, detection thresholds corresponding to predetermined probability of false alarm values can be determined 1].
In 2], 3], the generalized coherence (GC) estimate was introduced as a generalization of the MSC estimate to the case of more than two channels. As with the MSC estimate, the utility of the GC estimate as a detection statistic arises from the fact that its distribution is known under the H 0 hypotheses that all channels are independent and contain stationary white gaussian noise. This allows detection thresholds corresponding to desired false alarm probabilities to be determined analytically.
In 4], the distribution of the MSC estimate was shown not to depend on the distribution of one channel if the channels are independent and the second channel contains only white gaussian noise. A geometric argument was used in 5] to show that this result remains valid if the gaussian assumption is replaced by spherical symmetry. These results led to the conjecture, in 3], that a similar result holds for the GC estimate. A special case of this conjecture was argued in 6]. This paper shows that the distribution of the M-channel GC estimate does not depend on the distribution of one channel under the assumptions that all channels are independent and the other M ?1 channels contain only stationary white gaussian noise. One consequence of this result is that the detection thresholds established for use in passive detection can be used directly in a setting in which one of the M channels is an exact replica of a transmitted waveform (assuming, of course, the other H 0 assumptions are met). This suggests the utility of the GC estimate as a detection statistic for \multiple-channel matched ltering" problems in radar, sonar, and seismography. An example of this type of application is given at the end of the paper. Recursive use of (1) and (2) 
III. Multiple-Channel Matched Filtering
One important application of the invariance result derived above is that it allows previously calculated detection thresholds for GC-based detectors (e.g., from 3]) to be used in situations where one channel is known not to contain only white gaussian noise. In passive detection, this might occur if an interesting signal is observed in a spectrogram from one sensor. A GC-based detector can be used to correlate this \reference" channel with data from other sensors to seek a multi-sensor detection that will reveal information about the location of the signal source. Known detection thresholds will remain valid as long as the H 0 assumptions of this paper hold.
In active detection scenarios, an exact replica of the transmitted signal is typically available for use in detecting echo returns. Using such a replica as one of the channels in a GC detector yields a \multiple-channel matched lter" detector for which the correspondence between detection thresholds and false alarm probabilities is known under the H 0 assumptions of this paper. By determining sets of time lags at which the GC estimate formed from the sensor data and the transmitted signal replica exceeds detection threshold, one obtains a time di erence of arrival (TDOA) map from which information about the location of objects can be deduced. Figure 1 shows results obtained in a simulation of a threechannel matched lter scenario. The transmitted signal replica was represented by a complex white gaussian vector x 1 of length N = 256. The sensor data vectors x 2 and x 3 were obtained by adding independent white gaussian noise vectors to x 1 ; i.e., x 2 = x 1 + n 2 and x 3 = x 1 + n 3 . During the simulation, the variances of the noise vectors n 2 and n 3 were adjusted to provide various signal-to-noise ratios (SNRs). Detection thresholds corresponding to a false alarm probability P f = 10 ?3 were chosen throughout the experiment.
A MSC detector was applied to the transmitted signal replica x 1 and the data x 2 from the rst sensor. The SNR in x 2 necessary to achieve a detection probability P d = 0:9 was measured to be approximately ?13:5 dB. This appears as a dashed vertical line in gure 1. The SNR in x 3 necessary to achieve P d = 0:9 was also measured and found to be approximately ?13:5 dB. This appears as a dashed horizontal line in gure 1. Finally, a similar procedure was used to determine the locus of pairs of SNRs in x 2 and x 3 needed to achieve P d = 0:9 with a three-channel GC detector. This locus is the solid curve in gure 1.
In the region of gure 1 to the left of the vertical dashed line, the SNR in x 2 is too low for detection by an MSC detector using x 2 and the transmitted signal replica x 1 . In the region below the horizontal dashed line, the SNR in x 3 is too low for detection by an MSC detector using x 3 and x 1 . It is interesting to note that some combinations of SNRs on the two sensor channels can be detected by the three-channel GC detector (i.e., are above and right of the solid locus) even though they are undetectable by either MSC detector.
To compute the GC estimate it is necessary to calcu- The solid curve is the locus of SNRs on channels 2 and 3 necessary to achieve a detection with a three-channel GC detector having in nite SNR on channel 1. The dashed lines are the locus of SNRs on one channel to achieve a detection with a MSC detector having in nite SNR on channel 1.
late the inner products and norms of all channels. Since the MSC estimate is de ned as the normalized inner product of two channels, the MSC estimates are automatically available if the GC estimate is computed. In some situations, it may be preferable to base detection of the GC estimate together with several MSC estimates. A more detailed description of such a strategy is given in 6].
IV. Discussion and Conclusions
The GC estimate has been shown to be invariant with respect to the statistical behavior of x 1 provided that x 2 ; : : : ; x M have a stationary gaussian distribution and are statistically independent of x 1 . This invariance extends the utility of the GC estimate from passive to active detection scenarios. An example simulating a three-channel matched lter scenario was described. This example demonstrated that a GC-based multiple-channel matched lter can, at least in some cases, provide better detection performance than is obtained using multiple individual two-channel MSC-based detectors.
Other applications, in the area of cyclostationary signal detection as suggested by 8] for example, appear promising but need further investigation.
